C rop rotation is one of the earliest recognized crop management practices for its benefi cial infl uence on soil structure improvement and weed management, which ultimately improve crop yield (Liebman and Dyck, 1993; Baldwin, 2006; Davis et al., 2012) . Crop rotation research in the past has mainly focused on the impact of diff erent cropping sequences on yield in dryland conditions, but little information is available on full and limited irrigation conditions (Schneekloth et al., 1991; Halvorson and Schlegel, 2012; Klocke et al., 2014) . A decline in water levels of the Ogallala aquifer and the need for effi cient use of water resources in the Great Plains (Stone et al., 2002; Peterson and Bernardo, 2003; Scanlon et al., 2012) require investigation of best crop rotation systems that reduce the amount of irrigation water required while maintaining or improving crop yield and profi tability.
More than 80% of the total crop harvested area (~19 million ha) in the central Great Plains region (Colorado, Kansas, Nebraska) in 2014 was corn, Gs, Sb, and W (USDA, 2014) . Corn and Sb are commonly grown under irrigation while sorghum and wheat grow mainly under rainfed conditions. Improvements in fertilizer, pesticide, and tillage technologies has enabled rotation of summer crops such as sorghum, corn, and Sb with W in the region. Th e rotation of a summer crop with W comes with many advantages that lead to more effi cient land and seasonal soil water usage (Peterson et al., 1993; Anderson et al., 1999; Norwood, 2000; Hansen et al., 2012; Assefa et al., 2014; ) . Th e positive impacts of a more diverse crop rotation on weed seedbank reduction, reduction in N fertilizer requirement, sustainable yield increase, and profi tability were reported by many researchers (Teasdale et al., 2004; Tarkalson et al., 2006; Coulter et al., 2011; Davis et al., 2012) .
Crop rotations can aff ect many aspects of crop production such as grain yield, production cost, net return, available water use, crop water productivity, weed control, soil quality, and others. Davis et al. (2012) found that a 4-yr diverse corn-based rotation was similar or greater than 2-or 3-yr diverse corn-based Identifying the most profi table crop rotation for an area is a continuous research challenge. Th e objective of this study was to evaluate 2-, 3-, and 4-yr limited irrigation corn (Zea mays L.)-based crop rotations for grain yield, available soil water, crop water productivity, and profi tability in comparison with 1 yr continuous corn (CC). A fi eld study was conducted from 2001 through 2010 on a deep silt loam soil near Tribune, KS. Th e study consisted of four crop rotations, that is, CC, corn-winter wheat (Triticum aestivum L.) (C-W), corn-winter wheat-grain sorghum (Sorghum bicolor L.) (C-W-Gs), and corn-winter wheat-grain-sorghumsoybean [Glycine max (L.) Merr.] (C-W-Gs-Sb) with irrigation limited to 254 mm annually. Grain yield of corn from the CC rotation was signifi cantly lower, on average by 2.5 Mg ha -1 , than corn yield from the other three rotations mainly due to difference in irrigation level. However, the mean yield of CC over one cycle of rotation [~10.2 Mg (ha rotation-cycle) -1 ] was signifi cantly greater than mean corn equivalent grain yield of the other three rotations over one cycle of each rotation. Seasonal soil water usage from upper depths of the soil profi le was signifi cantly greater for CC. In this study, average crop water productivity [16.6 kg (mm ha) -1 ] and profi tability of the CC rotation were also greater than in the other rotations. In selecting profi Abbreviations: C-W, corn-winter wheat; C-W-Gs, corn-winter wheat-grain sorghum; C-W-Gs-Sb, corn-winter wheat-grain sorghumsoybean; CC, continuous corn; CEY, corn equivalent yield; HSD, Tukey's Honest Signifi cant Diff erence test; WP, crop water productivity.
core ideas
• Th is research compares four corn-based rotations from yield, resource use, and impact on environment which are crucial to cropping decision and consulting • Second it addresses an area of limited water irrigation condition in which research outputs are rare. Dryland and irrigated conditions are relatively well covered, but cropping decision when there is resource which is more than dryland but less than full irrigation is not well addressed. Th is research result contributes to that.
• Th ird, this research is based on long-term data that address yield of major crops (corn, wheat, sorghum, and soybean) and water use of these crops at every 30 cm of rooting depth. Th is information will continuously be used by researchers looking for such a data for modeling and other purposes.
rotations in yield and superior in its profit because it reduced inputs and also was superior in keeping a healthy soil environment. Similarly, the beneficial effect of extended rotation systems (i.e., 5 yr compared with 2 yr) in terms of reducing inputs, increasing yields, and sustainability was reported for corn-based rotations . Results also showed that more phenologically diverse rotation systems reduced seedbank populations and abundance of important annual broad leaf weed species (Teasdale et al., 2004) . The effect of rotations on yield, water use, weed control, and environment is more dependent on the crops involved, management system implemented, and environment than the number of years in the rotation cycles. Out of about 0.6 million hectare of irrigated corn, sorghum, Sb, and wheat area in Kansas in 2012, 75% was irrigated corn (Kansas Department of Agriculture, 2012). While crop rotations have been used extensively in many dryland systems, the most common crop grown under irrigation in western Kansas is corn (Kenny and Juracek, 2013) , often in a CC system. While corn responds well to irrigation, it also requires substantial amounts of water to maximize production (Hattendorf et al., 1988; Howell et al., 1997; Stone et al., 1996; Tolk and Howell, 2001 ). On average, irrigated corn in Kansas received about 392 mm (ha) -1 of irrigation water in 2012 (Kansas Department of Agriculture, 2012) . Almost all the irrigation water for corn and other crops in the High Plains region is pumped from the Ogallala Aquifer which is on the decline.
Therefore, an investigation of alternative crop rotations under limited irrigation was needed to determine effect on net economic returns. The objective of our research was to evaluate 2-yr, 3-yr, and 4-yr limited irrigation (limited to a mean of 254 mm yr -1 corn-based rotations that involve W, Gs, and Sb for their grain yield, available soil water, and crop water productivity in comparison to a 1-yr CC system. Our hypothesis was that inclusion of alternative crops (Gs, wheat, and Sb) with lower water requirements may provide greater net economic returns than CC under limited irrigation. Experimental design of the study was randomized complete block where treatments were four crop rotations (Fig. 1) ; CC, C-W, C-W-Gs, C-W-Gs-Sb. Each phase of each rotation was present each year and replicated four times.
MAteRiAL And Methods
The experimental plots were 18 m wide and 36 m long. All rotations were limited to a targeted average of 254 mm yr -1 of irrigation Fig. 1 . Pictorial presentation of an average growing season (shaded months) and off-season (unshaded months) in one cycle of (a) a 1-yr continuous corn (CC), (b) a 2-yr corn-wheat (C-W), (c) a 3-yr corn-wheat-grain sorghum (C-W-Gs), and (d) a 4-yr corn-wheat-grain sorghum-soybean (C-W-Gs-Sb) crop rotation. continuous corn (CC), corn-wheat (C-W), corn-wheat-grain sorghum (C-W-Gs), corn-wheat-grain sorghum-soybean (C-W-Gs-Sb) for one rotation cycle. Corn in the multi-crop rotations received 381 mm while wheat only received 127 mm irrigation. The Gs, Sb, and CC received 254 mm of irrigation annually (Table 1) . Irrigations were scheduled to supply water at the most critical stress periods (near flowering) for the specific crop and were limited to 38 mm wk -1 . If precipitation was sufficient within a week, then irrigation was postponed. In some years, the maximum amount of irrigation water was not applied because of above normal precipitation. Average date of the first irrigation was 14 June for corn in rotation, 23 June for CC, and 4 July for sorghum and soybean. The final date of irrigation averaged 28 August for corn in rotation, 15 August for CC, and 22 August for sorghum and Sb. If needed to aid emergence of wheat, irrigation was applied in the fall (necessary in 4 of the 8 yr), otherwise, irrigation was reserved for spring application with average final irrigation on 6 June. Wheat sustained some spring freeze injury in 2004 and hail damage in 2008. The summer crops sustained some hail damage in 2005, 2008, and 2010 .
Average planting dates were 3 May for corn, 20 May for Sb, and 27 May for Gs. Average harvest dates were 29 September for corn, 13 October for Sb, 30 October for Gs, and 5 July for W. All row crops were planted with a John Deere 7300 planter in 76-cm rows. Winter wheat was planted with a John Deere 752 drill in 19-cm rows. All crops were harvested with a Kincaid 8XP combine. Winter wheat was planted shortly after corn harvest (average of 1 October). All crops were grown using no-till practices. Cultural practices (e.g., pesticides, hybrid selection, etc.) typical for the region were used in all years of the study. Urea ammonium nitrate (UAN) was applied all years with a liquid fertilizer applicator that banded the N on the surface in early spring for all crops. The UAN rates were 269, 134, 134, and 0 kg N ha -1 for corn, sorghum, wheat, and Sb, respectively. Starter fertilizer (ammonia polyphosphate, 10-34-0) was surface dribbled (5 cm from the row) to all summer crops at planting to supply about 10 kg ha -1 of N and 15 kg ha -1 of P. For wheat, monoammonium phosphate (11-52-0) was applied with the seed at planting to supply 10 kg N ha -1 and 18 kg P ha -1 (Halvorson and Schlegel, 2012) . The center portion of all plots (1.5 by 18.2 m) was machine harvested and grain yields adjusted to 155 g kg -1 moisture (wet basis) for corn, 130 g kg -1 for Sb, and 125 g kg -1 for sorghum and wheat. Plant and head counts were made from the harvested area, seed mass was measured, and seeds per head were calculated.
The plots were irrigated with a linear move sprinkler irrigation system which had been modified to allow for water application from different span sections as needed to accomplish the randomization of plots. Soil water measurements (240-cm depth in 30-cm increments) were taken throughout the growing season using neutron attenuation. All water inputs (precipitation and irrigation) were measured. Crop water use was calculated by summing soil water depletion (soil water near emergence less soil water at harvest) plus in-season irrigation and precipitation. Non-growing season soil water accumulation was the increase in soil water from harvest of one crop to emergence of the following crop. Crop water productivity (WP) was calculated as grain yield (kg ha -1 ) divided by crop water use (mm).
Soil residual NO 3 -N levels were monitored each fall after summer crop harvest (in wheat stubble for wheat phase of the rotations) by collecting one soil core (5-cm diam.) sample from a GPS location within the plot area. Soil sampling depths were 0 to 7.5, 7.5 to 15, 15 to 30, 30 to 60, 60 to 90, 90 to 120, 120 to 150, 150 to 180, 180 to 210, and 210 to 240 cm. Soil NO 3 -N concentrations (cadmium reduction) were determined by using a continuous flow analyzer (Lachat QuickChem FIA+8000 Series, Lachat Instruments, Loveland, CO) after extraction with 1 M KCl (soil/ solution ratio, 1:5).
Analysis of possible effect of crop rotation on yield of each crop was conducted for the data from 2003 through 2010 in SAS (SAS Institute, Cary, NC) using PROC MIXED procedure. To study 
Corn ( the variation in yield of each crop in each rotation and at different years, the response variable (grain yield of each crop) was modeled against fixed variables crop rotation and year while block (replication) was a random variable (Fig. 2) . In most other analysis, however, year was a random variable.
To compare rotations based on average yield of the rotation, first, grain yields obtained from component crops of each rotation were converted into corn equivalent yield (CEY). (Verma and Modgal, 1983; Biswas et al., 2006) . Average CEY of the rotation is then calculated as sum of CEY of all crops in rotation divided by number of years to complete a cycle of the rotation.
Similarly, analysis of possible effect of crop rotation on available soil water at planting and at harvest, seasonal soil water change, and off-season soil water change was analyzed for each crop in one rotation compared with the same crop in another rotation. Mean separation test, for rotations that showed Table 2 . Grain yield and corn equivalent yield (CEY) of corn, winter wheat, grain sorghum, and soybean in four corn-based rotations, CC, † C-W, C-W-Gs, and C-W-Gs-Sb, and the average CEY of the rotation per year.
Rotation
Grain yield CEY Average CEY of rotation Corn Wheat 26 ------ † CC = continuous corn; C-W = corn-wheat; C-W-Gs = corn-wheat-grain sorghum; C-W-Gs-Sb = corn-wheat-grain sorghum-soybean. ‡ Within columns, means that share the same letter are not significantly different (p = 0.05). § HSD is minimum difference between two treatments used to declare they are significantly different using Tukey's Honest Significant Difference Test. Fig. 3 . Available soil water at (a, b, c, d) planting and (e, f, g, h) harvest for corn, sorghum, soybean and wheat in continuous corn (CC), corn-wheat (C-W), corn-wheat-grain sorghum (C-W-Gs), corn-wheat-grain sorghum-soybean (C-W-Gs-Sb) rotations in the 0-to 240-cm soil profile. The horizontal lines on line graph are standard error bars.
significant differences at P = 0.05, was conducted using Tukey's Honest Significant Difference (HSD) test.
Local crop prices (USDA NASS, 2014) and input costs for each year were used to perform an economic analysis to determine net return to land, management, and irrigation equipment for each treatment. The average annual net returns were calculated as the sum of annual net returns for each year divided by the number of years. Custom rates were used for all machine operations.
ResuLts evaluation of crop Rotations Based
on Grain Yield All four rotations included corn and corn grain yield showed a significant difference between rotations (Table 2, Fig. 2 ). On average (Table 2 ) and in all years except 2007 and 2008 (Fig. 2) , yield of corn from the CC rotation (10.22 Mg ha -1 ) was significantly lower than corn yield from the other three rotations, mainly due to less irrigation water applied to CC. There was no significant difference between corn grain yields from the C-W (12.74 Mg ha -1 ), C-W-Gs (12.68 Mg ha -1 ), and C-W-Gs-Sb (12.73 Mg ha -1 ) rotations in any year except 2008. In 2007, there was no significant difference between corn yields from any of the four rotations. In 2008, corn yields from CC and C-W-Gs rotations were similar and significantly lower than in the C-W and C-W-Gs-Sb rotations.
Three of the rotations included WW. In each case, wheat followed corn and there was no significant difference in wheat grain yield across the three rotations (Table 2, Fig. 2) . Two of the rotations included Gs, with sorghum following wheat. There was no significant difference between sorghum grain yields of the two rotations. Soybean was included in only one rotation (following sorghum) and like the other crops Sb grain yield fluctuated over the years, with highest in 2004 and lowest in 2010 (Fig. 2) .
A comparison shows a difference among the four rotations over an average corn equivalent yield of one cycle of each rotation (Table 2) . With one cycle, CC had 1 yr of corn with average corn equivalent yield of 10.2 Mg ha -1 . With one cycle of rotation, C-W had 1 yr of corn with average annual yield (corn equivalent yield) of 12.7 Mg ha -1 and 1 yr of W with average CEY of 3.07 Mg ha -1 . Corn equivalent yield of wheat was better than the actual yield of wheat due to greater average wheat price for the years 2003 to 2010 compared with average price of corn for same year. One cycle of C-W-Gs rotation had of 1 yr of corn with average annual yield of 12.7 Mg ha -1 , 1 yr of wheat with average CEY of 3.1 Mg ha -1 , and 1 yr of grain sorghum with average CEY of 7.7 Mg ha -1 . In one cycle, the C-W-Gs-Sb rotation had 1 yr each of corn, W, Gs, and Sb with average CEY of 12.7, 3.2, 7.9, and 6.7 Mg ha -1 , respectively. Average annual corn equivalent rotation yield of the CC system was significantly greater than the other three rotations.
Among yield components, seed mass of corn was significantly less in CC than in the C-W, C-W-Gs, or C-W-Gs-Sb rotations, and that partially explained the significant corn grain yield difference between these rotations (data not presented). There was no significant difference in seed mass for the same crop (corn vs. corn, wheat vs. wheat, or Gs vs. Gs) among the three different rotations (C-W, C-W-Gs, or C-W-Gs-Sb) (data not presented). There was a significant difference in seed mass among crops in the order corn > Sb > wheat = sorghum.
evaluation Based on soil Water
Available soil water at planting of corn did not differ significantly among the four rotations in the top 30 cm of the soil profile (Fig. 3a) . However, available soil water at planting of corn was greater in the CC compared with C-W-Gs-Sb in most of the soil profile deeper than 30 cm. Available soil water at harvest of corn (Fig. 3e) was lower in the CC rotation compared with the other three rotations in the top 30 cm. But, similar to available soil water at planting of corn, soil water at harvest of corn was greater in CC than in the C-W-Gs-Sb rotation in most of the soil profile deeper than 120 cm. In general, there was a tendency of greater available soil water at the deeper soil profile depths both at planting and harvest in CC and C-W rotations compared with rotations that contained grain sorghum.
Available soil water at planting and harvest ( Fig. 3b and 3f ) of wheat showed a similar trend. At planting and harvest, there was no significant difference between the three rotations that included wheat in available soil water at the 0-to 90-cm depth. However, there was a significant difference between C-W and C-W-Gs rotations in available soil water at planting of wheat in the 120-to 180-cm soil depth. Similar to available soil water at planting and harvest of corn, there was a trend of greater soil water in deeper depths of the C-W rotation at planting and harvest of wheat compared with the other two rotations including wheat, which also contained grain sorghum. There was no significant difference in available soil water of the entire 0-to 240-cm soil profile at planting of grain sorghum between the two rotations that included sorghum ( Fig. 3c and 3g) . Available soil water in the 240 cm soil profile at planting of corn was significantly less for C-W-Gs-Sb rotation compared with CC (Fig. 4a) . There was no significant difference between available water in the 240-cm soil profile for corn among the other rotations, but the trend seemed to reflect a decline in soil water at planting of corn as the number of years of rotation or diversity increased, that is, CC > C-W > C-W-Gs > C-WGs-Sb. There was no significant difference in available soil water in the 240-cm soil profile at corn harvest. There was also no significant differences in available soil water in the 240-cm soil profile at both planting and harvest within a crop for Gs and W due to rotation. On average, available soil water in the 240-cm Fig. 5. (a, b, c, d ) Crop-season soil water change and (e, f, g, h) off-season soil water change in the 0-to 240-cm soil profile for corn, sorghum, soybean, and wheat in continuous corn (CC), corn-wheat (C-W), corn-wheat-grain sorghum (C-W-Gs), and corn-wheatgrain sorghum-soybean (C-W-Gs-Sb) rotations. The horizontal lines on line graph are standard error bars.
profile at planting and harvest of crops was in the order corn > Gs = Sb > W.
Soil water change in the top 60-cm soil depth in the crop season of corn, the difference between soil water at planting and harvest, was significantly greater in CC than in the other three rotations (Fig. 5a ). The CC rotation depleted more water in the top 60 cm than other corn-based rotations. However, in deeper profile depths, 120 to 210 cm, corn in C-W-Gs depleted more water than the C-W system. Off-season soil water gain before corn planting (Fig. 6e) , the difference between soil water at the previous crop harvest and corn planting, in the top 90 cm of the soil profile was significantly greater for the CC and C-W systems compared with the other two rotations.
Soil water change in the crop-season of wheat (Fig. 5b) was significantly less in the upper soil profile depth of the C-W-Gs rotation compared with the other two rotations that included wheat. The C-W-Gs rotation depleted less water compared with other wheatbased rotations. There was no significant difference in crop-season soil water change at deeper soil profile depths (>120 cm) between rotations that included wheat. Since wheat was planted immediately after corn harvest, there was no off-season soil water gain before wheat planting and no difference between rotations (Fig. 5f ). There was little significant difference within crop-season and off-season soil water change data sets for sorghum (Fig. 5c and 5g) .
evaluation Based on crop Water use and crop Water Productivity
Crop water use of corn was significantly less (13%) in the CC rotation compared with corn in rotation (Table 3 ). There was no significant difference in corn water use of the C-W, C-W-Gs, and C-W-Gs-Sb rotations. There was also no significant difference between rotations for Gs or W water use. Corn had the greatest crop water use compared with the other crops and wheat had the least water use. The average crop water use of sorghum and soybean was not statistically different.
Similarly, there was a significant difference between crops in average water productivity (Table 3) . Corn had the greatest water productivity followed by sorghum, compared with the other crops. Wheat and Sb had the lowest water productivity with no significant difference between them. Despite significant grain yield and water use differences for corn, there was no significant difference in water productivity for corn or for any of the other crops among rotations. Average water productivity, a ratio of average CEY of rotation to average water use of rotation, was greater for CC rotation compared to the other rotations.
evaluation Based on soil nitrate-nitrogen Levels
Overall, soil nitrate (NO 3 -N) concentration was greater in the 0-to 7.5-cm depth compared with the 7.5-to 240-cm depths (Fig. 6 ). On average, CC had less soil nitrate in the top soil profile depth (0-7.5 cm) compared with the other three rotations that included wheat (Fig. 6a ). There were few significant differences in nitrate level between the rotations in the 7.5-to 240-cm soil profile depths. When we look at crop phases, soil nitrate levels were greater for the wheat phase of the crop rotations in the 0-to 30-cm depths Table 3 . Crop water use, crop water productivity of corn, winter wheat, grain sorghum, and soybean in four corn-based rotations, that is, CC †, C-W, C-W-Gs, and C-W-Gs-Sb, and average crop water productivity of the rotation (ratio of average corn equivalent yield [CEY] Avg. 3 -- † CC = continuous corn; C-W = corn-wheat; C-W-Gs = corn-wheat-grain sorghum; C-W-Gs-Sb = corn-wheat-grain sorghum-soybean. ‡ Within columns, means that share the same letter are not significantly different (p = 0.05). § HSD is minimum difference between two treatments used to declare they are significantly different using Tukey's Honest Significant Difference Test.
compared with all other crop phases (Fig. 6b) . Soil cores used for NO 3 -N analysis were sampled in fall, that is, in wheat phase of the rotations soil cores were collected about 4 mo after harvest while in the summer crop phases cores were collected shortly after harvest.
economic Analysis
An economic analysis (based on grain prices and input costs for each year and then averaged across the 8 yr) found that the most profitable crop was corn in rotation with other crops (Table 4) . Profitability was similar for Gs and soybean in the 3-and 4-yr rotations. The least profitable crop was wheat, partially because of reduced yields caused by hail (2008) and spring freeze injury (2004) . However, the most profitable crop rotation was CC. All multi-crop rotations had net returns of US$112 to 126 ha -1 less than CC. Lower returns in the multi-crop rotations were due to low returns from wheat. discussion One of the key results from the evaluation was that corn grain yield was about 20% less in the CC rotation than in the other three rotations. No other crop grain yield was affected due to differences in rotation. The main reason why corn yield was less in CC than in the other rotations is confounded among the 254 mm of irrigation water applied to corn in CC while corn in the other rotations received 381 mm of irrigation, the obvious differences in the rotations (different crops and sequences), and interaction of the two. A relatively lower corn grain yield in CC vs. other rotations (C-Sb, W-C-Sb, C-Gs-Sb, …) was reported by many other researchers (Schneekloth et al., 1991; Porter et al., 1997; Erickson, 2008; Gentry et al., 2013) . However, the 20% less yield that we have reported here for CC is probably mostly due to the difference in irrigation amount. A 16% yield advantage of corn for irrigation level of 381 mm compared with irrigation level of 254 mm was previously reported for similar environment and time .
The second yield-based evaluation result is that the CC rotation yielded greater per year than any of the other rotations when all of them were evaluated with CEY. There was a 33, 30, and 30% corn yield equivalence advantage for CC over the C-W-Gs-Sb, C-W, and C-W-Gs rotations, respectively. This yield difference also translated into the CC rotation being the most profitable rotation compared with all other rotations. Equally or more profitable rotations to CC such as C-Sb and other legume crop rotations were reported by others Fan et al., 2012; Reddy et al., 2013) .
When the rotations were evaluated based on available soil water in the soil profile, the key difference obtained was between those rotations that contained sorghum and those that did not (Fig. 4 and 6 ). Rotations that involved sorghum (C-W-Gs and C-W-Gs-Sb) had less soil water deeper than 90 cm in the soil profile depth at planting and harvest than the CC and C-W rotations. This perhaps is due to deeper rooting depths of sorghum that enables exploiting soil water from deeper profile depths that were not accessible to corn and wheat. Previous research reports show that corn roots were usually not found deeper than 150 cm but sorghum roots can extend up to 250 cm (Stone et al., 2002 , Moroke et al., 2005 . There were no differences among crops in soil NO 3 -N below 60 cm with all being <10 mg kg-1 NO 3 -N indicating low potential for nitrate leaching.
Based on seasonal crop water use, the rotations were in the order CC > C-W-Gs = C-W-Gs-Sb > C-W. Despite greater crop water use, the CC system had greater water productivity than all other rotations due to the significantly greater grain yield in the entire rotation cycle. In rainfed agriculture, lower water productivity for CC was reported compared with other rotations (Copeland et al., 1993; Varvel, 1994; Pikul et al., 2012) . Studies available on crop rotations in limited and full irrigation conditions show a similar result to the present paper, that is, less or similar impact of rotation compared with continuous cropping in yield and resource use (Schneekloth et al., 1991; Gaudin et al., 2015) . Holling (1973) defined a resilient system as a system that retains its productivity following a perturbation (drought, disease, pest…). Crop diversity was, therefore, suggested as a big contributor to increasing a cropping systems resilience (Lin, 2011; Gaudin et al., 2015) . Water limitation is among the main factors that challenge a systems resilience. When we move from dry land farming to limited irrigation, we are reducing a significant perturbation. Therefore, measures of system resilience weigh toward how profitable the system is, what its effect on soil and environmental quality is, and on other measures to maintain the system rather than the effect of water limitation alone. Therefore, selection of rotation crops which satisfy these measures is recommended. concLusion Despite lower annual yield of corn, CC produced greater corn equivalent yields per cycle of rotation than all the other corn-based rotations (C-W, C-W-Gs, or C-W-Gs-Sb), with all of them including wheat. Wheat requires less water compared with corn and when wheat was included in the corn-based rotations, the increased amount of irrigation water allocated to the corn phase increased corn yield in the non-CC rotations compared with CC rotation. Crop water productivity was greater for CC than the other rotations. The CC system was the most profitable system in this limited irrigation experiment. Selecting rotations more profitable than monoculture, producers should consider crop yield potential and value in addition to resiliency of systems to maintain long-term profitability. Corn  546  784  783  781  Wheat  -57  50  56  Sorghum  --440  464  Soybean  ---437  Net for rotation  546  420  424  434 
